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The Usher gene cadherin 23 is expressed in the zebrafish brain and a subset
of retinal amacrine cells
Glover, Greta; Mueller, Kaspar P; Söllner, Christian; Neuhauss, Stephan C F; Nicolson, Teresa
Abstract: PURPOSE: To characterize the expression pattern of cadherin 23 (cdh23) in the zebrafish
visual system, and to determine whether zebrafish cdh23 mutants have retinal defects similar to those
present in the human disease Usher syndrome 1D. METHODS: In situ hybridization and immunohisto-
chemistry were used to characterize cdh23 expression in the zebrafish, and to evaluate cdh23 mutants
for retinal degeneration. Visual function was assessed by measurement of the optokinetic response in
cdh23 siblings and mutants. RESULTS: We detected cdh23 mRNA expression in multiple nuclei of
both the developing and adult central nervous system. In the retina, cdh23 mRNA was expressed in a
small subset of amacrine cells, beginning at 70 h postfertilization and continuing through adulthood. No
expression was detected in photoreceptors. The cdh23-positive population of amacrine cells was GABAer-
gic. Examination of homozygous larvae expressing two different mutant alleles of cdh23-cdh23(tc317e)
or cdh23(tj264a)-revealed no detectable morphological retinal defects or degeneration. In addition, the
optokinetic response to moving gratings of varied contrast or spatial frequency was normal in both mu-
tants. CONCLUSIONS: Unlike in other vertebrates, cdh23 is not detectable in zebrafish photoreceptors.
Instead, cdh23 is expressed by a small subset of GABAergic amacrine cells. Moreover, larvae with muta-
tions in cdh23 do not exhibit any signs of gross retinal degeneration or dysfunction. The role played by
cdh23 in human retinal function is likely performed by either a different gene or an unidentified cdh23
splice variant in the retina that is not affected by the above mutations.
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5HWLQDO PRUSKRORJ\ LQ FGK VLEOLQJV DQG PXWDQWV
5HWLQDOPRUSKRORJ\ZDVH[DPLQHGDWGSIDQGGSIIRUWZR
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GSI7KLV
HDUO\ GHDWK VLJQLILFDQWO\ OLPLWV WKH GHYHORSPHQWDO VWDJH DW
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,Q WKH PRQNH\ UHWLQD D &'+ DQWLERG\ ODEHOV WKH LQQHU
QXFOHDU OD\HU DV ZHOO DV WKH SKRWRUHFHSWRU OD\HU >@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IRU WKH LGHQWLW\ RI WKH DPDFULQH VXEW\SH ODEHOHG E\ FGK
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FGK P51$ DQG FDOUHWLQLQ RU SD[*)3 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>@ DQG:HEYLVLRQ EXW 7+ GLG QRW
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